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-  I.  INTRODUCTION  “ —  - — - — - , - — 

T!tia  report  describes  the  progress  of  the  lihiR2  Point  Source 


Gao  Alarm  Program  at  AAI  for  the  period  from  2  September  through  14  October 
1961  as  performed  in  accordance  with  the  requirements  of  Contract  Ho.  UA-13- 
lOQ-CWb-o'^.  1  Deluded  herein  ir.  a  description  of  the  engineering  and 
manufacturing  action  performed  at  AAI  under  Places  II  and  HI  of  the  subject 
contract  and  a  brief  description  oj'  the  C0NA1C  ‘lent  Program  now  in  progress 
at  Fort  Bcnniitg,  Georgia.  As  previously  report'd,  all  effort  on  the  Phase 
I  program  h/is  been  completed. 
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'll. .  suf.fl.iAHY' ok ~wonx' riin "  ‘  " 

Alarm  numbers  3^  through  i»3  have  boon  completed  and  subjected  to 
the  predcl ivory  checkout  tests  described  in  the  previous  progress  report. 

Alarms  3O,  39  and  Ji0  I  save  been  delivered  to  CHIU ,  nnd  arc  now  being  readied 
for  the  KJJT  Fragrant.  Manufacturing  efforts  are  now  in  progress  on  the  last 
group  of  fifteen  (15)  Kh  1112  Alarms-,  which  are  scheduled  to  be  completed  on 
1  December  lpol. 

The  preparation  of  the  final  Class  I  d rawing  for  the  Tbasc  ITT 
Program  has-,  been  completed  orui  the  draw  bigs;  delivered  to  the  Army  Chemical 
Center  KNCOM  for  the Jr  evaluation.  These  drawings  have  boon  released  to 
the  AAI  Manufacturing  Division  nnd  the  fabrication  of  detail  parts  for  the 
one  master  model  Is  now  in  progress. 

iMsf)  eiTorLs  were  continued  during  this  period  with  major  emphasis 
being  placed  on  photocell  and  photometer  studies,  bridge  circuit  design  nnd 
test,  automatic  resUmdardk'.ation,  inlet  heater  studies,  remote  alarm  and 
waterproofing  t.eGt.o. 
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“DETAtt'  DEMJSSJON  OP'PHObjffiai 

A.  Phase  II  Program 

Manufacturing  ifl  now  in  progress  on  parts  that,  urn  to  ho  delivered 
to  CRDL  for  use  a:;  sparer,  in  conjunction  w!ih  the  FI. .  Donning  Test  Prey  ran, 

With  the  delivery  of  this  item,  all  net  Lon  required  under  the  Phase  IJ 
portion  of  the  subject  contract  will  be  completed .  These  parts  are  now 
scheduled  for  delivery  on  1  December  1^61. 

B.  l’hane  Ill  Program 

1 .  Claus  I  Drawings 

All  CJaas  I  drawings  have  been  completed  mid  a  sot  of 
reproducible.1)  and  two  nets  of  prints  were  del  ivered  on  o  October  !iJol  to 
ACC  KilC’OM  for  their  evaluation.  Those  drawing)  reflect  all  changes  incorpor¬ 
ated  into  alarms  3 '>>  30  and  %(  oc  determined  by  CRDL,  Pinal  Engineering  Teat 
Division,  MI  and  Ft.  Penning  testing.  Changes  found  necessary  as  a  result 
of  the  SHOOM  review  are  i,o  lie  Incorporated  and  the  completed  drawing  delivered 
on  ‘j  January  J9i>8.  Also  delivered  to  CRDL  during  this  period  wan  a  complete 
set  of  reproducibles  of  the  AAI  Class  II  drawings  for  the  current  alarm 
design. 

£.  Fabrication,  Testing  and  Delivery 

Fabrication  of  alarm  numbers  3d,  39  arid  bo  has  been  completed 
and  all  the  necessary  checkout  tenting  accomplished.  These  ulunno  Slave  been 
delivered  to  CRDL  and  arc  to  bo  used  ao  the  FIST  test  models,  iicrial  numbers 
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“ill,  ~42~aOT ‘43_wcTre  air.  o'  completed  ‘ana  life  filial  prod  ell  very"  chcclfoilt  tests  '  * 
arc  now  being  performed .  These  milts  arc  scheduled  to  be  used  In  the  forth¬ 
coming  Arctic  tacts  at  Ft.  lireolcy ,  Alaska. 

Procurement  is  CGcent.inl.ly  complete  and  fabrication  well 
along  on  the  fifteen  ( 10)  alarms  ccliertulcd  to  be  completed  on  1  December 
iy6l.  Completion  of  the  last  three  units  (Non.  %,  'j(  and  r;B)  will  be  held 
in  abeyance  inasmuch  nr.  several  of  the  major  subncaembHer,  for  ench  ol'  these 
Unite  were  utlliwl  in  flu*  reeoudi  t. inning  of  the  three  original  pt.  Denning 
nlamic  (Nos.  |4,  21  and  2b).  It  Lr.  understood  by  this  contractor  that  the 
present  contract  will  be  amended  to  permit  the  fabrication  of  the  necccsary 
nubasncmb.l  len  but  until  thin  is  ncoor.pl ished,  ('Inal  assembly  of  thece  alarms 
can  be  only  partially  completed . 

The  Class  1  drawings  have  been  re Leased  to  our  chop  for  the 
fabrication  of  one  master  model  ( .Serial  Mo.  '/•)),  Procurement  of  raw  material 
and  the  fabrication  of  detail  parts  is  nuw  in  progress.  Pinal  delivery  ic 
scheduled  for  'j  January  .1  lJ02 . 

3.  Research  arid  Development  l’rogrnn 

The  foil  owing  diccucci  oiis  Gumrnar  1/e  she  H&ll  efl’ortn  which 
have  been  accomplished  by  A/iI  In  the  specific  areuc  indicated,  Each  item 
includes  a  diGcur.r.ion  ori  the  need  for  HMJ  act.ion,  the  scope  of  the  current 
program  and  the  conclusion  reached,  if  any. 


- — -i Photocell  Tests  ■  ••  •-•  -  •  - 

During  testing  ol‘  the  KhlEl  alnnns,  considerable 


difficulties  have  been  experienced  with  drift  during  the  normal  12  hour 
operating  period.  Since  this  drift  could  not  be  attributed  to,  any  specific 
item  in  the  photometer  head,  it  was  decided  that,  a  thorough  3tudy  of  the 
photocell  properties  was  necessary.  Detail  perf ormnnee  characteristics 
normally  available  from  the  manufacturer  on  items  ouch  as  the  Type  602 
photocell  were  not  available  in  this  instance,  so  this  item  war.  suspected 
more  than  any  other  as  the  primary  cause  of  drift,  * 

A  laboratory  test  fixture  vno  fabricated  on  which  wan 
mounted  eleven  (ll)  Typo  i>02  photocells.  The  pnotoccllo  were  then  subjected 
to  runs  at  various  torajiemture  and  light  conditions  with  the  current  thru 
the  cells  hold  constant.  Only  limited  testing  was  accomplished  since  the 
laboratory  test  facilities  wore  ut  iliaca  almost  constantly  in  the  course 
of  prcdel ivory  checkout  testing  of  alarms  3d  through  hj. 

The  data  which  were  gathered  during  these  tests  was  too 
limited  to  form  a  specific  conclusion  but  it  Indicated  an  unexpected  degree 
of  stability  and  in  most  casco ,  cell  resistance  actually  decreased  with  time 
and  increasing  temperatures .  To  ncoount  for  the  drift  to  alarm  ievel,  the 
cell  resistance  would  have  to  increase  with  time,  temperature  and  after 
shut  down.  Further  tenting  of  the  Type  b02  cells  was  suspended  at  the  end 
of  this  reporting  period  in  order  tliat  more  teat  dam  could  be  obtained  on 
the  Type  60%  cells  which  wiJl  be  utilised  in  the  bridge  circuit  and  the 
automatic  nulling  uoviec,  both  of  which  arc  described  luter  in  this  report. 
Testing  of  the  CU’d  cells  vail  be  resumed  at  a  .later  date. 
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_  - - iv — h.. — Automatic.  Jtestandardlsatlon _ _ _ _ _ 

As  an  alternate  approach  to  overcome  the  drift  problem 
indicated  above,  CRDL  personnel  designed  and  are  now  testing  a  circuit  which 
would  readjust  the  meter  relay  to  100  ralcroamps  after  each  tape  transport. 
Providing  such  a  system  could  be  satisfactorily  operated  in  the  alarm,  null 
drift  problems  would  then  be  eliminated  since  the  null  drift  which  would  be 
encountered  during  the  cycle  would  be  compensated  for  at  the  Initiation  of 
the  succeeding  cycle.  Storage  and  other  drifts  could  bo  accordingly 
eliminated  as  encountered. 

The  circuit  as  designed  by  CRDL  has  been  reviewed  by 
AA!  with  the  subsequent  suggestion  that  modifications  be  made  notably  in 
the  area  of  switching.  A  breadboard  of  the  Infer  Approach  has  been  fabri¬ 
cated  und  is  now  being  tested  on  a  laboratory  tost  fixture  for  the  purpose 
of  testing  thermal  stabi.L Lly .  The  new  system  would  increase  alarm  power 
requi  romeuts  by  approximately  one  percent  over  the  prcr.ent  configuration. 

Drawings  for  the  revised  photometer  head  are  now  being 
prepared  and  will  be  released  shortly  for  manufacturing,  liuf  fie  lent  parts 
will  be  ordered  and  fabricated  to  install  test  systems  in  two  alarms.  The 
system  which  will  undergo  laboratory  testing  will  not  represent  the  final 
engineered  item  since  design  compromises  were  necessary  because  of  the 
lead  time  required  on  the  specific  motor  and  pot  needed  for  the  circuit. 


- — --  ~ — -.4 - A_deini]_±cst_pr6gram-la.now_bciug_prcp«ircd  for  the  new 

system  which  will  include  sensitivity  amt  stability  tests  as  well  as  a  study 
of  the  effects  of  variation  in  fluid  flow,  ulr  flow,  temperature,  voltage, 
etc . 

c.  Bridge  Circuit 

Another  technique  now  being  considered  by  AAJ  to  offset  the  alum 
drift  problem  Is  through  the  use  of  u  balanced  bridge  circuit.  This  circuit 
in  as  described  in  the  previous  progress  report  for  the  subject  contract. 

laboratory  tent  models  of  this  configuration  have  been  built, 
Installed  In  alarms  ;»  and  IL.  and  arc:  now  in  tent.  The  photometer  head 
for  the  bridge  circuit  vnus  reworked  I’rom  used  standnnl  heudo  by  adding  a 
photocell  housing  onto  the  right  hand  end  of  the  bend  and  obviously  does  not 
reflect  the  final  engineered  item.  This  course  of  action  was  taken  in  order 
that  preliminary  data  could  be  taken  while  a  more  desirabLe  head  configuration 
ms  being  designed  and  fabricated. 

Initial  tests  performed  on  thesi  two  unlit,  were  eiutouragi ng  In 
that  very  few  false  alarms  and  malfunctions  were  recorded  but  they  did  not 
possess  the  desired  degree  of  stability.  Alarm  Mo.  *,)  was  subsequently  taken 
to  CilDL  for  sensitivity  and  stability  testing  at  their  facility  and  during 
these  tests,  performed  rather  poorly.  'When  it  wan  returned  to  AAT  it  was 
found  that  a  large  uinount  of  debris  hud  collected  in  the  photometer  head 
covering  the  thermistor,  light  fiLt.er,  photocell  and  clogging  the  air  passage. 
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cl .  —  Remote-  Wo  rning-tlystem 


7!ie  U . .  Army  Infantry  Board  at  l*’orl.  Benning ,  Georgia  has  staled 
Uuit  the  original  remote  warning  unit  is  unsatisfactory  i’or  general  field 
use.  While  It-  meets  the  MTVu  end  TC’s  originally  specified,  it  is  in 
fact  limited  by  the  requirements  bo  which  it  was  designed . 

To  obtuin  a  more  satisfactory  remote  warning  system,  revision 
of  the  HC'o  and  TC'a  Is  necessary.  A  draft  of  the  projioscd  HU  revisions 
v/as  given  to  AAi  arid  OUDI.  for  comment,  if  any  portion  proved  economically 
or  operationally  unfeasible,  Uiir.  information  should  be  given  to  the  IJBA.IB 
who  would  review  nnd  revise  the  nronosed  Mf" ' r.  as  rermlred. 

The  features,  now  dor. i ml  are  that  the  remote  warning  system 

r.hal  1 : 

0.  Operate  on  2  conductor  WD/iTT  field  cable 

I).  Contain  audible  and  visible  c  1  gi in  1  s  that  corres¬ 

pond  to  the  alarm  proper 

c.  Contain  a  coni. i unity  cheer,  from  the  remote  unit  to 
the  uiura 

d.  lie  capable  of  cl  10c kin,;  tin;  audible  and  visual  sl/jnuln, 
specifically  the  rani  function  light,  the  alarm  light 
and  the  alarm  buzzer 

o.  Be  eapaBJ e  of  operation  at  a  distance  of  0  to  10 
meters  on  alarm  power  only 


-  _  £_».  -Bo  capable  of  operation  at  a  distance  of  0  to  .1000 

meters  using  0  self-contained  power  source 

g.  Utilize  a  power  source  available  at  company  level 
supply 

h.  (live  the  operator  o.  choice  of  using  or  not  using 
the  signals  at-  the  nlnns  proper  at  the  time  the 
remote  system  in  connected  to  the  alarm 

* 

•  1.  Permit  utilization  of  the  alarm  headed  and  the 

remote  unit  uimuU-aneuur.ly 

j.  i'ormit  tho  use  of  three  or  more  remote  units  with 
one  alarm 

AAI  has  reviewed  the  above  features  and  feels  that  with  the 
exception  of  itema  "c"  and  "h",  n  natisfac'.ory  remote  warning  system  can 
be  designed,  inclusion  of  item  "o"  would  eliminate  Item  "c"  and  "cl"  since 
no  power  Le  available  for  cheeking  when  operation  from  alarm  power  is 
intended.  Inclusion  of  feature' "h"  would  odd  to  eluineco  of  operator 
error,  since  he  would  have-  to  rely  or.  memory  nr.  to  which  choice  was  node. 

If  there  is  only  one  mode  of  operation,  no  confusion  can  result,  it  io 
felt  that  the  alarm  signals  being  turned  off  when  the  remote  unit  is  used 
would  provide  the  best  operation  from  a  security  standpoint. 

Three  ('j)  remote  warning  systems'  circuits  were  designed.  In 
the  first  circuit  fis  much  of  items  "a”  through  "J"  were  met  an  was  possible, 
including  items  "c"  and  "if .  The  second  was  a  simplified  version  of  the 
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_f.irs .t_and-wouJ.d_operato  with  a  constant  signal- for -ml  function  and-an  -  - - 

intermittent  s Lgnal  for  alarm.  Finch  of  these  circuits  user!  three  (3) 
relays  at  the  remote  warning  unit..  Two  were  of  the  type  currently  used 
on  the  alarm  printed  circuit  board.  The  third  was  a  larger  extra  cenoitivc 
relay  for  the  continuity  check. 

The  third  circuit  replaced  aLl  three  ( jj)  relays  at  the  remote 
warning  unit  with  transistor  switches,  Examination  of  Uffc  relays  used 
in  the  first  two  circuits  shoved  Uiut  use  of  t.hesc  relays  at  one  mile 
required  marginal  design.  A  mock-up  of  the  remote  warning  system  using 
the  third  circuit  liar,  been  lmi.lt  and  in  now  undergoing  environmental  and 
operational  tests,  fond  us  ions  will  be  made  at  the  end  of  these  tests  an 
to  the  desirability  of  tills  circuit. 

e.  FI usher  ti  I  rru  i  I.  .'Hurl  les 

A  sign! I'icanl.  d  l  (Terence  has  been  observed  between  the  operation 
of  the  Kd  ‘/.'in  Alarm  horn  as  currently  used,  and  the  r.a.v.e  horn  operated 
witn  a  uii  jig  lamp  In  parallel.  Tula  la  the  type  of  bulb  used  au  the 
alum  Indicator  light.  Voltages  across  the  horn  coil,  and  across  the 
horn  input  were  observed  in  each  ease.  The  res. ilia  are  illustrated  in 
figures  !  and  2.  Figure  shows  the  horn  voltage  with  RKi  suppress ! Oil . 

It  is  TelL  that  the  circuit,  of  Figure  2  should  result  in  a  decrease  in 
radio  interference,  and  may  prolong  horn  Life.  An  additional  circuit  tried 
wur.  with  a  O.^lff  capacitor  pumlLcl  to  the  horn  and  the  Lamp.  The  use 
of  this  capacitor  seemed  to  have  an  unpralietibLc  effort  on  the  overall 
operation  of  the  fiasher-horn-lamp  circuit. 


- - - - -  -  -14-  war.  -hoped  That— the- use-ef-  the  -  horn -and--lnmp  --jn-pi-rn-l-ie-] - - — 

would  eliminate  the  Interference  of  the  bom  on  the  flasher  operation. 

On  unit  30,  vnriution  of  horn  operation  had  no  effect  on  the  flasher. 

To  chock  further  on  the  effectiveness  of  paralleling  the  horn  and  lamp, 
a  horn  was  operated  i'l'om  the  circuit  board  checker,  uniiu;  ten  ( 10)  newly 
built  circuit  hoards.  in  four  cases,  there  war.  tui  ur ra t i e  effect  on  the 
flasher  when  the  horn  was  used  alone,  paralleled  with  the  lamp  or  with  both 
the  lamp  and  the  capacitor,  'i’lircc  showed  no  effect  when  the  lamp  was  used, 

’nut  were  erratic  when  used  with  lamp  and  capacitor.  The  other  throe  wore 
perfectly  sternly  when  used  with  the  lamp  ami  capacitor,  but  v/ero  erratic 
titoA  u  1 1 1  the  latnT)  a'ln-.e. 

In  no  case  were  any  Jrrci'ular  vol  tages  seen  on  the  power  sides 
of  the  diodes. 

A tt  a  lost  tejT.i  cheeK  on  unit  jO ,  the  jiorn  and  alarm  lamp  were 
operated  through  the  I’jocher  relay  (K-l)  for  approximately  f'00,000  cycles 
of  SjdlLBill  duration.  Knrly  In  the  tent  there  were:  roue  extended  "on" 
cycles,  when  the  input  voltn,;e  di-oppod  to  around  £1  V.  At  this  Lime 
various  capacitor  val  ves  were  paml  leletl  with  the  horn  and  lamp.  A  valve 
of  .4  '(ytV  was  found  an  tic  factory  for  that  particular  ch'cuit  board  and 
horn  combination. 

Two  conclusions  can  be  reached  at  thin  lime,  though  it  is  obvious 
that  more  detailed  study  would  be  required  to  establish  an  optimum  circuit. 
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The  foreign  mattcr'could  hot" beTposTtlvciy  TdehvTi'ied  buT^ijreHrcTto'lje 
similar  to  material  used  in  the  prefilter.  It.  was  also  found  that  the  pre¬ 
heater  circuit  war,  faulty  causing  the  heaters  to  be  full  on  which,  when 
combined  with  poor  air  I'low,  caused  the  head  to  be  abnormally  hot. 

ihlr<  unit  was  cleaned  and  the  heater  control  c!i-ct;it  repaired  and 
the  alarm  subjected  to  additional  laboratory  tests  at  Ml.  The  unit  still 
exhibited  an  excessive  degree  of  instability  although  not  to  the  extent 
experienced  by  CHUL  personnel  during  their  toots.  A  bridge  circuit  wan 
therefore  breadbonrdod  for  laboratory  looting  In  an  effort  to  i.-.olate  the 
cauce  oi  this  drift,  looting  has  Just  been  initiated  on  this  net.  up  and 
studies  arc  to  ho  node  on  tlio  effects  of  .light  and  temperature  variations 
without  the  presence  of  other  variables  such  as  fluid  flow,  nlr  flow,  tape, 
etc. 

A  mathematical  analysis  of  this  circuit,  was  performed  to  determine 
if  thermal  variations  were  of  ouch  magnitude  as  to  render  further  consideration 
of  this  circuit,  unwise.  Vhe  paragraphs  following  are  the  results  of  this 
analysis. 


I 
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The  expression  Tor  meter  current  (  I$j)  l'or  this  circuit  1st 

IM  =  V  (RaR^-HjHit) 

Hj.K2(  H 3  i H4 ^  +H3ii4< fil  I  Ha)  +JiM(  ( R3+R4) 


It  is  easily  seen  that  the  condition  for  a  balanced  bridge  ( tliat  in, 

Ij,|  »  0)  1c-  when  R2B3  •  RjilJt. 

In  tiie  following  cases  dciscribcd  in  111 i r  analysis,  various  valueo  of 
R) ,  «2,  H3,  Ht|,  and  Ilf.;  have  boon  substituted  into  the  above  expression  in 
order  to  discover  the  jjvtimt  rtf  nnbs*!r>-  in.ij  ;  ecu  It  from  ciiant.es  4 " 

photocell  resistance  wltli  .Light  or  temperature. 

In  general,  it  liar,  been  found  that  the  resistance  of  photocells  varies 
in  accordance  with  the  following  expression: 

l<  Ho[l  f.i  ('J’o-l'jj  where 

i<0  la  piiotocoil  resistance  at  temperature  To- 

8  is  percentage  change*  per  unit  temperature. 

For  cells  tented  here,  values  for  8  have  been  found  to  range  between  Q.19J»/°K 
and  0.2$/oi'’. 

In  the  following  cases  shown  whore  cells  with  different  tempemture 
sensitivities  are  ur.nrl,  the  ccllr,  were  so  assigned  to  B3  and  i%  so  as  to 


cause  the  largest  unbalance  in  the  ALARM  direction  after  the  temperature 
effects  were  considered. 

A  number  of  meter  relay  coils  were  measured  at  room  temperature  and 
found  to  vary  about  6  percent  from  £.')  K.  However,  upon  subject lng  the 
meters  to  extreme  temperatures,  the  coils  were  observed  to  change  from  a 
value  of  2  K  at  -'tO°F'.  to  a  value  of  3  K  at  +lbO°K.  While  the  meter  coil 
may  not  experience  such  extremes  in  use,  it  In  kept  In  mind  that,  the  meter 
is  theimally  insulated  from  the  interior  of  the  alarm  case  and  its  face 
exposed,  Consequently,  the  following  calculations  have  been  made  considering 
meter  resistance  valuer,  of  j  K  and  2  K,  respectively,  for  high  and  low 
temperature's . 

In  addition,  cure  temperatures  wore  assumed  to  vary  from  jO°F.  to  160°F\ 
It  is  hoped  that  conditions  do  not  vary  so  drastically  as  those  imposed  upon 
the  bridge  circuit  here.  Nevertheless,  the  aim  of  this  analysis  is  to  give 
an  indication  of  the  worst  t.o  be  expected;  hence,  t.he  most  severe  conditions 


were  considered. 
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CASK  T 


The  first  cuse  considered  is  Uie  ideal  cane  where  bath  photocells 
are  identical,  having  resistances  of  1  K  at  room  temperature  and  balance 
conditions,  'farther,  both  cells  arc  Kt  the  same  operating  point, 

Im  -  V  (H2R3-r<i«h) 

R]  U'A  R3-1R4 )  ( Hl+R;;)  +Rm(  1<V  »2)  ( H3+MO 

By  substituting  V  =  lY-bv 

KL  =-  I<2  -  5  K  Rj  =  1  K  R«  =  K 

IM  =  -.100  J*.  a 

It  is  possible  to  rind  what  change  in  RJ;  is  necessary  to  produce  an  ALARM 
condition  ( -iOOfia.^ .  Ciwilariy,  b.y  making  1m  s  t-iOQo. a  it  can  be  found 
what  change  of  causes  MA1.I>\ 

Tabulated  here  arc  Lite  calculated 
A  Rif's  for  different  meter  resistances. 


Change  in  Hi),  necessary 
to  give  AIARM  0  -100/ia 


Meter  Resistance  ( lty() 

2  k  2.^  k  3 


+J22  Si  -1130  Ji  nhUrt 
(+12.2;a)  (^3-O?0  (-U*.#.) 


Change  irt  Hit  necessary  -ioy  Si 

to  give  MARK  (J!  +  10Q^.n  (-JO.ytf) 


-117  SL 

(-n.li) 


-127-0. 

( -I2.lt) 


case:  it 

Ni:xl  considered  were  rolls,  cacti  having  a  room  temperature 
resistance  of  1  K,  but  with  dilTerenl  temperature  sensitivities  ol'  the 
extroniGE  noted  in  photorell  tcut  bot-ch* 


CASK  It  A. 

lij  l'jo(l  t  -002.5  A")  diujt 
K-i  r.  ii4o  ( :i  r  .0019  A'i’)  •=  fi'toJL 


Meter  Current,  caused  by 
Temperature  rise  «o°l\  to  160°?’. 


'M 

£.!>  K 


'M  -  J'M  «  4j 


CAGE)  1,1  B. 

Ki  -  H jQ( i  .0019 AT)  -  ]091>JL 
H»i  Itf,0(l  4  .0023 AT)  ■=  1115A 


Temperature  drop  8o°K . " to  j0°F.  1  -  -10/Ui  I  -l^jKa  1  -  .}hfxa 


CASK  III 

Colic  R3  and  H4  wore  assumed  to  vary  -'JO  percent  from  f  K  and 
have  different  temperature  serinltivitloe. 


Hi  =  4.oy  K  R^  =  900 ft. 

U2  *  9  K  RI10  »  1100  ft. 


CASK  III  A 


r3  =  H3e( 1  '  .0023 AT)  :■  .734  ft. 
Rlt  =.  U40(l  +  .0019  AT)  --  933  ft. 


CASE  III  C 

R,  =•  R,  (1  +  ,0019  AT)  *-  9ffcJL 

-*Q 

I<4  -  R|,0(l  +  .0023 AT)  -  1£C(A. 


Meter  Current  caused  by  1  ,  t 

Temperature  drop  U0°F.  to  30°K.  1M  5 
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__ . In  the  proceeding -.examples  it  In  assumed  thut  the  bridge  was 

Initially  bulnncod  and  then  the  tcnpcruturc  changed.  Further  wc  assume 
the  photocells  are  positioned  sufficiently  clone  together  so  that  they  are 
alwuyc  at  the  same  temperature. 


The  results  of  Cases  II  and  111  indicate  that  the  worn!  to  he 
expected  in  temperature  drift  of  about  ljut a  for  low  tempera turns  and  30 mA 
for  high  temperatures  if  the  unit  wns  Initially  balanced  at  mom  temperature. 


Little  cliunge  results  from  different  magnitudes  of  photocell 
resistance  ns  can  be  seen  by  comparing  Case  ill  meter  current,  with  that 
of  Case  JJ. .  Practical iy  all  of  the  drift  may  he  attributed  to  differences 
in  photocell  temperature  sensitivities. 


Data  sheets  which  linve  been  kept  for  a  t. ridge  circuit  head  show 
that  the  greatest  air  blank  observed  was  31  jus.  If  in  a  unit  ouch  a  photo¬ 
meter  head  combined  the  greatest  air  blank  observed  ( 37^*. a)  with  (.he 
greatest  deflection  exported  from  the  I'jtrlJcr  calculations  (  the 

resultant  meter  deflection  of  fO^n  would  st  iJl  be  comfortably  short,  of 
the  ALARM  leveL  when  set  ut  100  , 

s'  v 


tilnce  laboratory  observations  i1;j  not  bear  out  the  results  as 
obtained  from  calculations,  it  Is  suspected  that,  the  photometer  head  tested 
in  the  laboratory  fails  to  keep  both  photocells  at  the  same  temperature. 
Investigation  into  reasons  fur  full-scale  drifts  experienced  in  the 
laboratory  will  attempt  to  eliminate  such  large  drifts  through  closer 
physical  positioning  of  the  photocells  tun!  more  even  heat  distribution  in 
the  head. 


r«EI3  3MIVV 
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UMCMIT  MWUniR>,Ii»l 


_ a.  Vac  use  of  a  Jimp  bulb  across  the  Kdwards  Uorn  now  in 

use  appears  to  reduce  or  eliminate  sharp  voltage  spikes 
noraally  encountered  in  operation, 
b.  The  present  nastier  circuit  Lc  capable  of  operating 
the  alarm  horn  and  lamp  combination  Tor  a  length  of 
time  in  excess  or  that  which  might  normally  be 
encountered  in  a  normal  service  Jife  of  an  alarm. 


It  war.  the  opinion  of  many  who  heard  the  100  "tee])" /minute 

horn  signal  that  this  type  of  Intermittent  .audio  signal  caught  and  held 

their  attention  wore  than  the  present  steady  signal. 

*  Circuit  'joey  .  VI  . 


»n>-  f  1*P| 

■24v  Va^-4 

.......  I  Vi  r 


Horn  with  only  diodes  added 
lu 


-”0¥sn  V£  /-i 
-i#  i  ■  I 

o  1 

1  <#*» 


Horn  witli  lamp 
2a 


rir 


Htr  Mictnt 


Horn  and  M*T  suppression 

3a 


_ f, — Inlet-Heater  Studies- .  . . . —  — 

The  preheater  circuit  is  now  being  studied  to  ascertain  if 


instability  could  occur  at  high  ami  low  temperatures.  Action  in  thl6  area 
was  felt  to  be  necessary  based  on  reports  from  CRDL  personnel  that  tempera¬ 
tures  at  the  prel'iltcrc  were  not  conGistant  from  run  to  run.  In  addition, 
measurements  made  on  the  preheater  voltage  at  room  temperature  frequently 
varied  by  a  significant  amount. 

Data  are  now  being  taken  on  the  output  voltage  of  the  heater  and 
the  input  signal  from  the  thermistor  and  n  photometer  head  haa  been  completely 
lnotrumentcd  to  record  uir  temperatures  and  temperature  gradients  across  the 
head.  An  insufficient  amount  of  Information  has  been  obtained  at  this  time 
but  testing  will  continue  in  the  forthcoming  report  period. 

g.  Waterproofing  Tests 

In  the  previous  progress  report,  it  vun  stated  that  alarms  Noe. 

35,  3^>  and  37  were  returned  from  Service  Tests  at  Kort  Denning  to  correct 
unexplained  failures.  These  failures  were  subsequently  traced  to  condensa¬ 
tion  dripping  from  the  air  iLnc  onto  the  printed  circuit,  board  which  caused 
short  circuits  at  several  points.  As  an  interim  racuGurc,  n  drip  board  vug 
installed  over  the  circuit  hoard  but  AAI  began  to  investigate  various 
materials  for  coating  both  aides  of  this  component  rather  than  only  the 
track  aide  as  had  been  done  prior  to  this  time. 
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It  was  decided  initially  that  toe  waterproofing  compound  then„ 
in  use  should  not  be  used  in  this  application  even  though  previous  tests 
demonstrated  its  resistance  to  attack  by  toe  reagent  solution.  This  decision 
was  based  on  maintenance  considerations.  A  total  of  five  different  materials 
were  tested  and  all  but  one  were  penetrated  to  varying  degrees  by  the  solu¬ 
tion  after  12  to  24  hours'  immersion. 

One  sample,  liyaol  No.  12-007  was  not  affected  and  was  therefore 
subjected  to  further  testing.  The  circuit  board  was  Immersed  in  an  8  mg 
solution  of  O.D.N.  and  sodium  pyrophosphate  peroxide  for  a  total  of  (2  hours 
during  which  time  the  temperature  wns  varied  between  -4o°F.  and  ■»115°F. 

At  the  conclusion  of  this  test  series.  n.o  visible  signs  of  deteri oration 
were  detected  nnd  thin  initial  phase  of  testing  was  regarded  us  having  been 
satisfactorily  completed. 

Two  printed  circuit  bonrdr.  were  then  coated  with  the  iiyrol  compound 
and  subjected  to  alarm  tests  to  determine  if  this  material  would  euuoe  a  heat 
build  up  and  bring  about  circuit  instability.  The  voltage  regulator  perfor¬ 
mance  wan  monitored  over  numcrouc  twelve-hour  runs  with  a  Fluke  Voltmeter 
and  in  no  case  did  the  drift  exceed  the  design  tolerance  of  4  0.1  volte. 

Based  on  the  above  tests,  it  is  concluded  that  toe  Hysol  No,  12-007 
waterproofing  material  Is  acceptable  for  use  on  the  printed  circuit  board 
and  is  compatible  with  overall  alnnn  performance  requirements. 
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h.  Lamp  Socket  Corrosion 


On  several  occasions  the  alarm  and  malfunction  lights  have  not 
given  the  visual  indication  when  an  alarm  or  malfunction  condition  existed. 
Inspection  revealed  that  the  lamp  sockets  were  corroded  to  a  point  where 
continuity  was  either  intermittent  or  non-cxistnnt. 


i,  Reflective  Tape^ Tests _  ' 

During  the  CONARC  Service  Tests  the  alarms  were  allowed  to  run 


beyond  the  normal  twelve-hour  duty  cycle  until  all  of  the  tape  was  exhausted. 
At  this  time  a  malfunction  indication  should  have  been  given  but  on  a  number 
of  occasions,  the  alarm  was  sounded  instead, 

‘  •  •  i 

The  tape  rolls  were  Inspected  at  Fort  Rcnning  to  determine  if 
the  reflective  material,  which  had  been  added  to  the  last  few  inches  of  tape, 
was  mutilated  or  damaged.  In  moDt  cases  the  tape  was  creased  in  a  number 
of  places  normal  to  the  line  of  tape  advance.  It  was  the  diagnosis  of 
liaison  personnel  that  the  deformutionn  were  causing  light  to  bo  randomly 
reflected  to  or  away  from  the  photocell  producing  either  malfunction  or 
alarm  conditions  respectively. 

Twenty-three  samples  of  this  portion  of  the  tape  were  forwarded 
to  AA1  for  test  in  uLarniG  to  verify  that  the  difficulty  was  positively 
attributed  to  the  tape  rather  than  randan  alarm  performance.  These  Rpoetmons 
wore  "left-overs"  from  previous  runs  but  the  area  of  the  tape  in  question 
had  not  previously  been  unwrapped  Trom  the  spool.  Every  specimen  (12) 
tested  on  alarm  No.  h.l  gave  an  alarm  indication;  the  eleven  { XI)  samples 
run  on  alarm  No.  h3  gave  malfunction  indications. 

These  results  would  tend  to  substantiate  the  opinion  that  the 
problem  was  one  of  random  alarm  performance  rather  than  tape  condition, 
however,  subsequent  test  with  smooth  reflection  material  on  the  tape 
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—consistently  produced  a  malfunction  .condition,— -It  was- then  concluded  that 
tooth  v£re  partially  responsible  and  tliat  a  new  approach  must  be  taken  to 
solve  this  problem  reliably.  Action  will  be  taken  by  both  AAI  and  CRDl, 
during  the  next  reporting  period  to  solve  thi3  problem. 

j.  Air  Pump  Motor 

Air  pump  motor  currents  were  measured  on  five  alarms  (38,  39,  4l, 

42  and  43)  to  determine  il'  the  motor  current  is  n  function  of  air  flow. 

These  tests  were  in  conjunction  with  using  a  current  sensing  device  In  the 
motor  supply  line  to  accomplish  the  same  objectives  ns  for  the  baro  switch. 

'  ’M. .  r_:.  ...  2-  aiiu  ex  vcuw>  1.0  simulate  battery  decoy 

during  a  normal  twelve-hour  duty  cycle;.  From  the  data  taken,  it  was 
concluded  that  such  on  approach  was  unwise  la  the  present  system  since  air 
pump  motor  current  differed  significantly  at  each  voltage  with  a  given  air 


flow  rate. 
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4,  Summary  of  Fort  Benning  Service  Test  Results 

ALARM  14  Operating  time  to  end  of  report  -  505  hours 

There  were  three  false  alarms;  one  due  to  drift,  ono  caused  by 
the  tape  caning  off  the  tape  arum,  and  the  third  probably  due  to  a  defective 
photometer  lamp. 

Nine  malfunctions  occurred.  Seven  were  due  to  low  battery 
voltage,  one  from  moisture  on  the  P.C.  board,  and  one  from  dry  tape. 

Other  failures  were: 

a.  The  solution  pot  handle  come  loose  where  it  was 
fastened  by  a  pcened  rivet. 

b.  The  needle  on  the  meter  relay  fell  off. 

c.  Third  echelon  cleuning  of  the  head  was  required  twice. 

d.  The  head  had  to  be  replaced  when  the  meter  could  not 
be  adjusted  above  90^a. 

There  were  three  road  teds  on  un  M-IJ  3  armored  personnel 
carrier,  each  of  approximately  five  hours  duration.  The  unit  operated 
satisfactorily  mechanically,  but  failed  to  respond  to  OF  agent  due  to 
excess  dust  on  the  prefilter. 

ALARM  21  Operating  time  to  end  of  report  period  -  135  hours 

Thie  alarm  was  operated  from  7  September  to  HI  September 
when  it  wan  returned  to  AA1  for  rework  on  the  tape  drum  assembly.  During 
this  time  there  were  three  false  alarms,  one  duo  to  drift,  and  two  which 


BEST  AVAILABLE  COPY 


PA  Of  NO.  26 
lerdiT  N0.2R-2538 


vere  unexplained ,  due  to  operator  resetting  and  continuing  operation  before 
an  evaluation  could  be  made.  Four  malfunctions  occurred,  three  due  to  low 
voltage,  and  one  unexplained,  occurring  about  the  same  time  as  one  of  the 
unexplained  false  alums.  Other  difficulties  were  a  failure  of  the  trans¬ 
port  motor,  a  loose  bearing  at  the  tape  drum  com,  and  two  failures  of  the 
tape  drum  cam  due  to  excessive  wear  of  the  cam. 

ALARM  26  Operating  time  to  the  end  of  the  report  period  -  213  hours 

This  alarm  was  operated  from  9  September  to  21  September  when 
it  was  returned  to  AAT  for  rework  on  the  tape  drum  assembly.  During  this 
period  there  were  no  false  alarms  bul  three  malfunctions;  one  due  to  low 
battery  voltage,  one  due  to  dry  tape  caused  by  stretching  of  the  pcrlGtaltic 
pump,  and  the  third  due  to  an  undetermined  enuse,  possibly  dry  tape.  In 
the  second  malfunction,  the  pump  was  replaced.  Other  difficulties  were 
one  case  of  the  garter  spring  coming  unbooked,  and  three  failures  of  the 
tape  drum  to  transport  properly.  In  all  three  Instances,  the  cam  surface 
was  deformed,  with  the  bearing  being  loose  In  one  instance. 

ALARM  39  Operating  time  to  end  of  report  period  -  636  hours 

During  this  period  there  were  six  (6)  false  alarms;  four  (4) 
were  due  to  meter  drift,  one  was  duo  to  the  tape  running  off  the  tape  drum 
and  the  other  due  to  a  failure  of  the  microswitch  S-3.  This  switch  was 
replaced.  There  were  three  malfunctions;  one  due  to  low  battery  voltage, 
qjid  two  due  to  dry  tape.  Examination  showed  that  the  peristaltic  pump  was 
worn .  This  was  replaced. 
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The  head  was  cleaned  once,  at  third  echelon  level.  Other 
difficulties  encountered  were 

a.  The  set  screw  on  the  air  pump  loosened  once,  requiring 
resetting. 

b.  Corrosion  on  the  lamp  socket  for  tbo  alarm  lamp 
prevented  thin  from  turning  on  during  a  check. 

c.  The  rulon  bearing  in  the  tape  drum  seemed  to  have 
loosened.  Thin  did  not  impair  operation. 

d.  The  horn  failed  to  work  on  some  alarm  checks. 

There  were  three  rood  tests  on  an  M-113,  each  of  about  five 
hours  duration.  The  unit  operated  satisfactorily  during  the  runs,  but  was 
insensitive  to  GF  agent  when  dust  accumulated  on  the  pref liter. 

ALARM  36  Operating  time  to  the  end  of  this  report  period  -  635  hours 

Three  i’nlnc  alarms  occurred}  two  were  caused  by  drift.  The 
third  occurred  during  handling  when  the  operator  brushed  against  the  adjust 
knob,  changing  the  meter  setting  to  an  ularm  level.  A  shield  in  to  be 
designed  to  prevent  recurrence  of  this. 

Six  malfunctions  occurred.  Of  these,  two  were  caused  by  low 
battery  voltage,  two  by  moisture  on  the  circuit  board,  one  by  dry  tape  due 
to  running  out  of  solution,  and  one  caused  by  a  broken  diode  connection  on 


the  circuit  board. 


During  alnrm  cheeks,  the  horn  h it, Rated  at  times  as  much 
as  rive  seconds  before  sounding. 


The  peristaltic  jnimp  wus  replaced  at  the  name  time  as  the 
ones  On  Units  35  and  3 7,  au  some  wear  was  evident. 

There  were  four  road  tests,  three  of  i'ivc  hours  each  on 
an  M-113  and  one  35  mile  jeep  ride.  Performance  was  satisfactory  during 
the  teat,  but  dunt  on  the  prefiltern  prevented  detection  of  OF  agent. 

ALARM  37  Operating  time  to  the  end  of  this  reporting  period  -  635  houra 

There  were  six  (6)  false  alarms  during  this  period.  Three 
were  caused  by  meter  drift,  two  were  caused  by  tnc  reflective  Gurfaco  at 
the  end  of  the  tape,  and  one  wac  due  to  operator  error  in  that  the  alarm 
was  placed  into  operation  when  the  meter  could  not  be  adjusted  above  fi^ua. 
The  one  malfunction  during  this  time  was  caused  by  dry  tape.  The  peristaltic 
pump  wac  replaced  because  of  wear. 

On  one  occasion,  the  tape  wrapped  around  the  drum,  und  then 
broke.  Build  up  of  tape  thickness  stalled  the  transport  motor  during 
transport,  therefore  no  malfunction  or  Fulse  alarm  signal  was  given.  The 
head  had  to  be  cleaned  twice  at  third  echelon  level.  The  horn  operation 
wno  unsatisfactory,  even  nft.er  adjustment. 

The  alarm  was  given  four  (4)  road  touts,  three  in  un  M-113 
for  five  hours  each  time,  and  one  35  mile  jeep  run.  fixceosive  dust  on  the 
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-pref  liter  prevented-  response  to-  OF-  aBcnt-ai'tcr-rdod-testd-, — The  unit  -operated-,  -  •" 
satisfactorily  otherwise  during  the  road  tests. 

General  Oboerva lions  on  the  Fort  Bennlng  Tests 

1.  Dust,  on  the  pref  11  ter  Is  b  major  problem  urea  and  corrective 
action  must  be  taken . 

2.  Photometer  drift  continuer,  to  be  the  major  cause  of  false 

alarms. 

3.  The  )|.£  amp-hour  nl-cati  batter/  does  not  dive  reliably  a 
fuil  12  hours  of  operation  using  the  present  recharging  and  servicing 
method. 

h.  The  reflective  surface  on  the  end  of  the  tape  does  not  (jive 
a  malfunction  consistently .  Mol,  1.  o:*  the  malfunction  Indications  given 
occurred  at  the  end  of  a  cycle  rather  than  when  the  surface  first  come 
under  the  photocell.  Therefore,  a  more  dependable  method  of  detecting 
tape  ran  out,  is  required. 

9 .  A  method  of  preventing  the  tape  from '  running  off  the  front 
edge  of  the  tape  drum  Is  needed. 

6.  The  alarms  seem  capable  of  withstanding  the  vibration  of 
moving  vehicles . 


ro 
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C.  General _ _ _ _ '1.  .  _  . 

On  6 ,  9  and  11  October  iy6l  conferences  were  held  at  CRDL  and 
AAI  for  the  purpose  of  establishing  a  course  of  action  to  be  taken  to  correct 
the  difieicncics  found  nr;  a  result  of  Service  Ter.tr.  and  Final.  Kng,lneerlng 
Tests.  Ad  a  result,  it  war.  agreed  od  that  Joint  efforts  would  be  perfomed 

i 

to  resolve  the  following  problem!;. 

1.  Initial  Photometer  Drift 

a.  Tent  program  to  be  performed  Lo  determine  tnoce 
modi ficat ions  which  arc  necessary  to  the  present  procedures  that  would 
eliminate  or  reduce  initial  drift  problems  with  the:  standard  photometer 

|  head . 

b.  Photocell  studies  to  determine  the  detail,  character¬ 
istics  of  both  the  o02  and  00'jL  photocells. 

c.  Design  arid  tea  ting  of  the  automatic  null  circuits. 

d .  Design  and  tent  of  the  bridge  type  circuit. 

2.  Action  to  eliminate  effects  of  condensation  on  the  printed 
circuit  board,  photometer  head  and  prefilter  lever  support. 

3-  Develop  a  device  which  would  reliably  Indicate  when  the 
tape  huo  been  expended. 

4.  Action  to  improve  photometer  maintenance,  replacement  ami 

cleaning. 


_ ;_5.._.„..DC-™iopment-of  a-  positive  look  -and  guide-  mechanism  for" 

the  pay  out  spool  to  eliminate  tape  run  off  and  breakage, 

6.  New  donigs  of  prof  Liter  holder  to  facilitate  removal  of 
the  prof liter. 

7.  Design  of  a  protective  device  to  prevent  moving  the  null 
pot  during  alarm  use. 

8.  Continuation  of  studies  to  improve  the  present  audible 
warning  device  and  conduct  studies  on  a  motor  driven  sound  device  and  other 
approaches . 

9.  Instruction  Book  changes  to  reduce  operator  error. 

Necessary  inputs  from  CRDL  liainon  pernonnel  at  FortBenning  by  13  December. 

10.  Fort  Banning  feels  that  the  present  vehicle  inotallion 

kit  for  mounting  the  alarm  on  various  Ordnance  vehicles  is  unsatisfactory. 

11.  Development  of  an  improved  remote  alarm  device 

12.  Action  to  eliminate  condensation  In  the  vicinity  of  the 
malfunction  and  alarm  indicator  lights  and  replacement  of  present  lamp 
sockets  with  improved  components. 

13.  Investigation  of  the  effects  of  case  swelling  causing  alarm 
leakage.  Particular  emphasis  will  be  placed  on  the  thickness  of  the  fluid 
pot  guides  and  the  pot  handle  stop. 

14.  Investigate  charging  procedures  to  minimise  fall  off  in 
battery  capacity, 

15.  Development  of  a  stable  conversion  filter. 


PAGE  NO.  32 
REPORT  NO.  EK-2S38 


_ _ l6..__Jltudiee-Ui- determine  causes-and  extent  of  reduced  alarm 

sensitivity  at  high  temperature.  This  tack  does  not  Include  reaction 
temperature  studies. 

17.  Studies  to  determine  the  stability  of  the  present  preheater 
circuit  arid  to  evaluate  other  approaches  for  control  of  tile  preheater.  ' 

J8.  Pcrfonn  tests  to  determine  oensitlvity  at  low  temperature 

ambients, 

19>  Evaluation  of  exit  air  outlet  wind  reflector. 

Schedules  and  work  scopes  are  now  being  prepared  by  AA1  and 
CRDL  which  will  be  put  Into  effect  limne.Uutely. 


IV.  FUTURE  PROGRAM 


Major  efforts  during  the  coming  period  will  be  in  accordance 
with  the  program  outlined  Ln  paragraph  3.c.  above.  Other  efforts  will  be 
directed  towards  the  completion  and  testing  of  alarms  for  delivery  to 
OREL. 


best  available  copy 


